Artificial satellites perform down link communication or transmission with earth stations. These transmissions are made from an array of antennas chosen to increase directivity and gain in the transmission of the electromagnetic signal. It occurs that the signal from the array of antennas can infer a disturbance by electromagnetic acceleration, which results in disturbances in the orbital components of the satellite. Taking the StarOne C1 satellite, with EIRP = 44 W, mass = 1918 kg and with a planar antenna array, we developed an acceleration model for this type of antennas. A satellite orbiter propagator was developed by the Runge-Kuta method, and from the technical characteristics of this satellite and the state vector values (position and velocity), we were able to calculate an electromagnetic acceleration of the order of 10 −9 m/s 2 .
I. INTRODUCTION
Artificial satellites have well-defined orbits around the Earth. According to a more recent definition, the trajectory of a satellite can be low orbit 80 km up to 2.000 km from the Earth's surface, medium orbit between 2.000 − 35.786 km or high earth orbit, over 35.786 km. For each orbit, the satellite supports specific functions and characteristics such as telecommunications (LEO), Monitoring, Global Positioning (MEO) and Geostationary and Remote Sensing (HEO) 1 .
Satellite parameters can be seen as their state vectors can be perturbed by Moon and Sun (in the order of 5 × 10 −6 m/s 2 ), due to tidal forces (in order of 1 × 10 −9 m/s 2 ), due to direct solar radiation pressure (in the order of 1 × 10 −7 m/s 2 ), and due to atmospheric drag (less of 1 × 10 −9 m/s 2 ) 1 , 2 .
The effects this perturbations can be an increase of the semi-axis major, of the eccentricity, of the period, and changes in the other orbital elements an so, increasing inclination and the perigee argument 1 . Disturbances of electromagnetic origin were also presented magnitude order for acceleration over a satellite 10 .
Considering that the down link communication between the satellites and an antenna on the terrestrial surface is carried out from an antennas array, an electromagnetic disturbance model was implemented which considers a planar antenna array over a satellite with characteristics of the StarOne C1 satellite, with the mass of 1918 kg and EIRP of 44 W. 3 , 5 .
II. ANTENNA ARRAYS FOR SATELLITE COMMUNICATION
For antenna array, the beam width in the plane perpendicular to the axis of the set is determined by the beam width a) Electronic mail: heilmann@ufpr.br b) Electronic mail: tertulia@eletrica.ufpr.br c) Electronic mail: cadartora@eletrica.ufpr.br d) Electronic mail: david.clistenes@ufpr.br e) Electronic mail: augusto.adams@ufpr.br of the elements of this plane. Advances in construction and integrated electronics for power supply, the cost for the development of antennas in the form of array has become feasible, especially for communications with satellites.
Main advantages of antenna arrays over large reflectors are the higher flexibility, lower production and maintenance cost, modulate and a more efficient use of the spectrum 4 . The radiation efficiency of an array antenna is normally much lower than that of a reflector antenna of comparable dimensions.
Considering an flat surface on which the antenna elements, the square perimeter, uniform spacing between lines and columns of your elements, is possible to use the principle of multiplication of the diagram for co linear set, in which the diagram of electric field of the similar set is the product of diagram of the isolated element by punctual isotropic amplitudes and phases relative to the original set ( figure (1) ). Planar arrays are used in antennas embedded in satellites by allowing a highly directional beam. Considering a cell of an array, which is the area surrounding an element, it is possible to derive from the antenna theory the directivity of an ideal dipole with N elements of area A Cel in which:
This equation indicates that an array of antennas in a plane x − y has directivity proportional to its area, A Cel . As a function of the angle, the directive varies with the projection of the area cos (θ ), that to seen from an angle θ in relation to the direction of broadside, that is, planar array broadside accompany a maxima irradiation in the normal direction of the axis of the arrangement 9 .
Since the Poynting vector modulus is the ratio of the squared module of the electric field vector to the impedance in vacuum (Z o = 377Ω), so:
In antenna theory one takes maximum angular directivity as the definition for directivity:
The radiated total power (P rad ) by the antenna array is defined as P rad = Ω r 2 S rad dΩ, where dΩ is the infinitesimal element of the solid angle. Therefore, the gain of an array of antennas is defined as a measure of the concentration of the effective power isotropically radiated in a given direction (θ , φ ).
III. CHOICE OF SATELLITE COMMUNICATION
StarOne C1 marked the beginning of operations of Embratel StarOne third generation of satellites (C Series). The new satellite replaced Brasilsat B2 in the 65.0 o W orbital position and has almost twice as much power than its predecessor. StarOne C1 satellite covers the entire territory of Brazil and the South and Central American countries as well, in addition to Florida, US.
During the normal lifetime the C1 satellite will be maintained in orbit with a tolerance of ± 0.07 o in latitude and longitude about the sub-satellite point. (The sub-satellite point is the point on the earth's surface directly below the nominal satellite position.) Earth station antennas of up to about 7 m in diameter accessing the Optus Ku-band frequencies of 14/12 GHz generally do not require tracking capability 3 , 4 , 5 .
The table I shows the technical characteristics of the StarOne C1 satellite.
IV. ELECTROMAGNETIC ACCELERATION MODEL FOR PLANAR ANTENNA ARRAY
From the antenna theory seen above, it is possible to represent the power density radiated by an antenna such as:
where G(θ , φ ) is the ideal element gain, described in equation (5) . considering yet the linear momentum conservation electromagnetic, as: And taking into account that, p mec = m v, and taking the momentum conservation, so,
From this, we conclude that the expression on the left is by definition equal to the electromagnetic force,
that using Newton's Law we find:
[sin θ cos ϕâ x + sin θ sin φâ y + cos θâ z ] sin θ dθ dφ .
By definition EIRP = P rad G, then we consider that the total ideal element gain is normalized by a factor G such that
We integrate the coordinates of the solid angle in the directionẑ. Thus we can rewrite the equation of the ideal element gain as, G(θ , φ ) = 4π λ 2 A Cel cos(θ ), which including in expression of acceleration, results in,
We 
V. ITERATIVE SYSTEM OF ORBITAL PARAMETERS
To solve problems of ordinary differential equations, we will use the numerical algorithm R using the Runge-Kutta method, called ODE45 (Ordinary Differential Equation), propagated to a period of 48 hours, with step every 5 minutes of integration and absolute and relative tolerance of error, with 10 −14 of precision in the mantissa for position and velocity 10 .
We analyze the components of the electromagnetic acceleration from the satellite antenna reference in the Normal (N), Transverse (T) and Radial (R) directions to the orbit plane, respectively. The force of the antenna is in the radial direction, so it occurs only for the radial component. From this, the radial component of the array of antennas will be given by:
where a sat represents the perturbation model from the satellite antenna, in the case of an array of planar antennas (eq.19), r = (X 2 +Y 2 + Z 2 ) 1/2 , with respect to the Z-axis, of the antenna, respectively due to the antenna radiation reaction.
The equation of motion of a satellite as a function of the disturbing force due to antenna radiation is:
From this equation we also remove the orbital velocity values of the satellite, and therefore, after propagation for a finite number of days, we have all the position values and orbital velocities of the StarOne C1 satellite, including the disturbance due to electromagnetic radiation ( a sat ) of the array of planar antennas.
The equations are solved by the Runge-Kutta method, whose input values in the routine are the so-called State Vectors, which carry the position information (X,Y and Z) and velocity (V x ,V y e V z ) of StarOne C1, for the following set of Keplerian Elements (table II): VI. RESULTS AND DISCUSSION First, the orbit was propagated without any perturbation, then the orbital propagation was recalculated considering the As established by recommendation ITU-R P. 1546-4 the calculations for the EIRP are obtained through equation,
where G tx the gain of the transmission antenna in relation to the array of antennas in dBd; P tx nominal transmitting power specified by the manufacturer in dBW; ∑ Loss is the sum of all losses in dB, found in transmission components, transmission lines, combiners and connectors. According to table I, P tx = 40 dBW, and making the gain equal to 12 dBd, the EIRP will be 44 W.
This parameter plus one mass (1918 kg) inserted in the propagator, we have the state vectors (position [m] and velocity [m/s]), from the numerical algorithm called SAT − LAB, graphical user interface for simulating and visualizing keplerian satellie orbits.
Assuming an planar antennas array embedded in the satellite StarOne C1, a EIRP=44 Watt, the dimensions of the array of antennas according to figure(1), M sat = 1918 kg, total area of antenna array A Cel =0.36 m 2 , during a communication of down link at band C, the frequency will be 4200 MHz, it was possible to find an acceleration of the order of,
We see that such effect is non negligible, being in the same order of magnitude of other perturbations previously cited. The largest deviations were observed on the Radial, Normal and Transverse components ( figure (3) ) and on the X, Y and Z coordinates of the satellite figure (4) . For a period of 48 hours, there was no significant variation in the transverse component, however, the radial component showed an oscillation every 12 hours, with return to the zero variation [cm], this justifies why the variation in altitude (vector radius) also is a sinusoidal, with maximum variation between 0 − 130 km. The normal component presented a bi modal variation, with a maximum of ≈ 1700 cm in 48 hours of propagation, which means that it can directly changes the angular momentum of the satellite. About the coordinates of the position state vector, there was no variation of the distance in cm in the Z coordinate, but in the Y (Stem) coordinate the deviation was ≈ 1700 cm, followed by a variation in the coordinate X (thick line) that reached ≈ 1600 cm.
We observed that the electromagnetic acceleration perturbation model imposes larger deviations for the normal (N), and coordinate (Y) components, with electromagnetic reaction acceleration of ≈3.6 × 10 −9 m/s 2 . For EIRP value 2 times greater, the variations in the normal component (N) and in the Y coordinate, increase of 300 cm, respectively.
VII. CONCLUSION
In summary, in this paper we developed a model to describe the effects of radiation reaction in satellite orbits due to the emitted RF power by the satellite transmitting antennas array planar. We demonstrated that the satellite acceleration can be in the range of ∼ 10 −9 m/s 2 , which is similar to other small order effects that must be taken into account in order to correct the satellite trajectory. The values of the deviations in the radial and transverse directions are irrelevant in propagation of the orbit of this satellite, this implies in the fact that there is also no deviation from the larger semi-axis, which depends on the radial component. The slope of the orbit of the StarOne C1 satellite depends on the normal component, but in the simulations no variation of the inclination of the orbit was identified. This is because the deviations presented in the normal component (N) are symmetrical with a sinusoidal profile, which, although increasing over time, reestablishes any orthogonal slope discrepancies. The largest variations occur on the coordinates of the position state vector, which can reach up to 1700 cm for the Y coordinate, after 2 days propagation, with electromagnetic reaction acceleration of ≈ 3.6 × 10 −9 m/s 2 , being necessary an orbital correction of these coordinates of the StarOne C1 satellite state vector is required.
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